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A BS TR AC T Background In a phase 1 dose-escalation study, combined inhibition of T-cell checkpoint pathways by nivolumab and ipilimumab was associated with a high rate of objective response, including complete responses, among patients with advanced melanoma.
Methods
In this double-blind study involving 142 patients with metastatic melanoma who had not previously received treatment, we randomly assigned patients in a 2:1 ratio to receive ipilimumab (3 mg per kilogram of body weight) combined with either nivolumab (1 mg per kilogram) or placebo once every 3 weeks for four doses, followed by nivolumab (3 mg per kilogram) or placebo every 2 weeks until the occurrence of disease progression or unacceptable toxic effects. The primary end point was the rate of investigator-assessed, confirmed objective response among patients with BRAF V600 wild-type tumors.
Results
Among patients with BRAF wild-type tumors, the rate of confirmed objective response was 61% (44 of 72 patients) in the group that received both ipilimumab and nivolumab (combination group) versus 11% (4 of 37 patients) in the group that received ipilimumab and placebo (ipilimumab-monotherapy group) (P<0.001), with complete responses reported in 16 patients (22%) in the combination group and no patients in the ipilimumab-monotherapy group. The median duration of response was not reached in either group. The median progression-free survival was not reached with the combination therapy and was 4.4 months with ipilimumab monotherapy (hazard ratio associated with combination therapy as compared with ipilimumab monotherapy for disease progression or death, 0.40; 95% confidence interval, 0.23 to 0.68; P<0.001). Similar results for response rate and progression-free survival were observed in 33 patients with BRAF mutation-positive tumors. Drug-related adverse events of grade 3 or 4 were reported in 54% of the patients who received the combination therapy as compared with 24% of the patients who received ipilimumab monotherapy. Select adverse events with potential immunologic causes were consistent with those in a phase 1 study, and most of these events resolved with immune-modulating medication. R ecent approaches to the treatment of metastatic melanoma enhance antitumor immunity by blocking immune checkpoints, such as cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) and the programmed death 1 (PD-1) receptor. Ipilimumab, an anti-CTLA-4 antibody, is approved by the Food and Drug Administration (FDA) on the basis of improvement in overall survival among patients with advanced melanoma, with objective responses in approximately 11% of the patients. 1, 2 Nivolumab, an anti-PD-1 monoclonal antibody, has recently been shown to improve overall survival, as compared with dacarbazine (objective response rate, 40% vs. 14%), among previously untreated patients with advanced BRAF wild-type melanoma. 3 Nivolumab is approved by the FDA on the basis of an improvement in confirmed objective responses, as compared with chemotherapy (32% vs. 11%), among patients with metastatic melanoma who have disease progression after treatment with ipilimumab or a BRAF inhibitor. 4 Targeted therapies, such as BRAF and MEK inhibitors that are approved for the treatment of patients with advanced melanoma who harbor BRAF V600 mutation-positive tumors, result in a high rate of initial tumor responses, with a significant survival advantage over dacarbazine; however, the median duration of response is less than 1 year. [5] [6] [7] [8] [9] [10] [11] [12] Therefore, there is a need for new treatment options, particularly for the 50 to 60% of patients with BRAF wild-type melanoma.
CTLA-4 and PD-1 inhibit antitumor immunity through complementary and nonredundant mechanisms. 13 Preclinical models have shown that dual blockade, as compared with blockade of either pathway alone, synergistically improves antitumor responses. 14, 15 High rates of objective response (including complete responses), a prolonged duration of response, and a favorable overall survival rate of 79% at 2 years were observed in a phase 1 dose-escalation study involving patients with advanced melanoma who received the combination regimen of nivolumab and ipilimumab. 16, 17 Here, we report the results of a randomized, double-blind trial comparing nivolumab in combination with ipilimumab with standard-of-care ipilimumab monotherapy as a first-line treatment in patients with advanced melanoma.
Me thods

Patients
Eligible patients had histologically confirmed, unresectable, previously untreated stage III or IV melanoma with measurable disease. Other inclusion criteria included a known BRAF V600 mutation status, an Eastern Cooperative Oncology Group performance-status score of 0 or 1 (on a scale of 0 to 5, with 0 indicating no symptoms and higher scores indicating greater disability), and the availability of tumor tissue from a metastatic or unresectable site for immunohistochemical assessment of PD-1 ligand (PD-L1) expression. Key exclusion criteria were active brain metastases, uveal melanoma, and serious autoimmune disease.
Study Design and Treatment
Patients were randomly assigned, in a 2:1 ratio and in a double-blinded manner, to receive both nivolumab and ipilimumab (combination group) or ipilimumab alone (ipilimumab-monotherapy group). Randomization was stratified according to BRAF mutation status (V600 wild-type vs. mutation-positive). In the combination group, nivolumab was administered intravenously at a dose of 1 mg per kilogram of body weight over a period of 60 minutes, once every 3 weeks for four doses. Thirty minutes after the completion of each nivolumab infusion, patients received 3 mg of ipilimumab per kilogram over a period of 90 minutes. After the fourth dose of both agents, ipilimumab was discontinued, and thereafter (maintenance phase), nivolumab was administered as a single agent at a dose of 3 mg per kilogram over a period of 60 minutes, once every 2 weeks.
In the ipilimumab-monotherapy group, the same dosing schedule was used, except that nivolumab was replaced with matched placebo during both the combination and maintenance portions of the trial. Treatment was continued as long as clinical benefit (as defined by the investigator) was observed or until unacceptable side effects occurred.
Patients who had investigator-assessed disease progression could be treated beyond progression (with blinding maintained) or have blinded study therapy discontinued (after which time the treatment assignment could be disclosed to the investigator and patient). After unblinding, patients in the ipilimumab-monotherapy group had the op- tion of receiving nivolumab at a dose of 3 mg per kilogram every 2 weeks until further disease progression, and patients in the combination group were required to discontinue treatment ( Fig. S1 in the Supplementary Appendix, available with the full text of this article at NEJM.org). The primary end point was the rate of investigator-assessed, confirmed objective response among patients with BRAF V600 wild-type tumors. The primary end point was restricted to this group of patients because at the time of study enrollment, approved treatment options were limited for these patients and only ipilimumab had shown an overall survival benefit in a randomized, controlled trial. Secondary end points included investigator-assessed progression-free survival in patients with BRAF wild-type tumors, the objective response rate and progression-free survival among patients with BRAF V600 mutation-positive tumors, and safety.
Assessments
Tumor response was assessed according to the Response Evaluation Criteria in Solid Tumors, version 1.1, 18 at the following time points: 12 weeks after the first treatment, every 6 weeks thereafter for the first year, then every 12 weeks until disease progression or discontinuation of treatment. Safety evaluations were performed in patients who had received at least one dose of study treatment, and the severity of adverse events was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0. 19 Guidelines for the management of adverse events were provided by the sponsor and are available in the Supplementary Appendix.
Study Oversight
The study protocol, available along with the most recent version of the statistical analysis plan at NEJM.org, was approved by the institutional review board at each participating center. The study was conducted in accordance with the provisions of the Declaration of Helsinki and International Conference on Harmonisation Guidelines for Good Clinical Practice. All the patients provided written informed consent. An independent radiology review committee was established to provide a sensitivity assessment of objective responses, and a data and safety monitoring committee provided general oversight. Data were collected by the sponsor, Bristol-Myers Squibb, and were analyzed in collaboration with the authors. The authors vouch for the accuracy and completeness of the data and the fidelity of the study to the protocol. The first draft of the manuscript was written by the first and last authors, with all the authors contributing to subsequent drafts. Medical-writing support, funded by the sponsor, was provided by StemScientific. All the authors made the decision to submit the manuscript for publication.
Immunohistochemical Assessment of PD-L1
The expression of PD-L1 on the surface of tumor cells was assessed in pretreatment tumor samples at a central laboratory with the use of an automated immunohistochemical assay (Bristol-Myers Squibb and Dako), as described previously. 17 A tumor was considered to be PD-L1-positive if at least 5% of tumor cells showed cell-surface PD-L1 staining of any intensity in a section containing at least 100 tumor cells that could be evaluated.
Statistical Analysis
We planned to enroll approximately 100 patients with BRAF V600 wild-type tumors who would be randomly assigned in a 2:1 ratio to one of the two treatment groups (the intention-to-treat population). Patients with BRAF V600 mutation-positive tumors were eligible for the study, with approximately 50 planned to undergo randomization. Analyses in the population with BRAF V600 mutation-positive tumors were intended to be descriptive only and were not part of the sample-size consideration. Given a two-sided alpha level of 0.05, we calculated that the sample of 100 patients with BRAF wild-type tumors would give the study approximately 87% power to detect a significant difference in the objective response rate between the combination group and the ipilimumab-monotherapy group, assuming an objective response rate of 40% versus 10%. In order to preserve an experiment-wide type I error rate of 5%, a hierarchical testing approach was applied to key secondary end points after analysis of the primary end point of the objective response rate in all patients with BRAF wild-type tumors who underwent randomization. Of the key secondary end points, the objective response rate among all randomly assigned patients was tested first, followed by testing of progression-free survival among all patients with BRAF wild-type tumors who under- went randomization; progression-free survival among all randomly assigned patients was tested last.
R esult s
Patients
Baseline characteristics were well balanced between the study groups (Table 1) . At trial entry, the majority of patients (87%) had stage IV disease according to the American Joint Committee on Cancer staging system, and 46% of the patients had tumors characterized as M1c disease (metastases to visceral sites other than skin, subcutaneous, distant lymph nodes, or lung, or distant metastases to any site along with elevated serum lactate dehydrogenase level). Elevated lactate dehydrogenase levels were observed in 35 patients (25%), and 23% of the patients had BRAF V600 mutation-positive tumors. Of 118 patients whose PD-L1 expression could be evaluated, 35 (30%) had PD-L1-positive tumors. From September 16, 2013, to February 6, 2014, a total of 179 patients were screened in the United States and France, and 142 patients (109 with BRAF wild-type tumors and 33 with BRAF V600 mutation-positive tumors) were randomly assigned to one of the two treatment groups ( Table S1 in the Supplementary Appendix). Clinical database lock for the results reported here occurred on January 30, 2015, with a minimum follow-up period of 11 months after randomization.
Efficacy
The rate of investigator-assessed, confirmed objective response among the patients with BRAF wild-type tumors was 61% (95% confidence interval [CI], 49 to 72) in the combination group, versus 11% (95% CI, 3 to 25) in the ipilimumabmonotherapy group (odds ratio, 12.96; 95% CI, 3.91 to 54.49; P<0.001) ( Table 2) . A complete response was observed in 16 patients (22%) in the combination group and no patients in the ipilimumab-monotherapy group. Figure 1A shows the distribution of tumor-burden change from baseline among patients with BRAF wild-type tumors. The median change in investigator-assessed tumor volume was a 68.1% decrease in the combination group and a 5.5% increase in the ipilimumab-monotherapy group.
Among the patients with BRAF wild-type tumors who underwent randomization, the median duration of response was not reached in either group, with an ongoing response observed in 36 of the 44 patients with a response (82%) in the combination group and in 3 of the 4 patients with a response (75%) in the ipilimumab-monotherapy group (Fig. 1B) . The time to a response did not differ significantly between the groups, with the majority of all responses observed at the time the first scan was obtained ( Fig. 1B) .
Among patients with BRAF mutation-positive tumors, the objective response rate was 52% (12 of 23 patients) in the combination group, with the percentage of complete responses (22% [5 patients]) similar to that in patients with BRAF wildtype tumors ( Table 2 ). In the population with BRAF wild-type tumors, the median progressionfree survival was not reached with the combination therapy and was 4.4 months (95% CI, 2.8 to 5.7) with ipilimumab monotherapy (hazard ratio associated with combination therapy as compared with ipilimumab monotherapy for disease progression or death, 0.40; 95% CI, 0.23 to 0.68; P<0.001) (Fig. 1C ). Among patients with BRAF mutation-positive tumors, the median progression-free survival was 8.5 months (95% CI, 2.8 to not estimable) in the combination group and 2.7 months (95% CI, 1.0 to 5.4) in the ipilimumabmonotherapy group (hazard ratio associated with combination therapy as compared with ipilimumab monotherapy for disease progression or death, 0.38; 95% CI, 0.15 to 1.00) ( Fig. S2 in the Supplementary Appendix). Among all randomly assigned patients who discontinued study treatment owing to toxic effects, the objective response rate was 68% (95% CI, 52 to 81) in the combination group (30 of 44 patients), as compared with 10% (95% CI, 0 to 45) in the ipilimumab-monotherapy group (1 of 10 patients).
In patients with BRAF wild-type tumors, the response benefit with the nivolumab-and-ipilimumab combination, as compared with ipilimumab alone, was observed across all prespecified patient subgroups, including patients with stage M1c disease and those with elevated lactate dehydrogenase levels (Fig. S3 in the Supplementary Appendix). In the combination group, the objective response rate was independent of tumor PD-L1 status: 58% (95% CI, 37 to 78) among patients with PD-L1-positive tumors and 55% (95% CI, 41 to 69) among patients with PD-L1-negative tumors ( Table S2 in (23) * P values were not calculated, per the statistical analysis plan. ULN denotes upper limit of the normal range. † The disease stage was defined according to the staging system for melanoma of the American Joint Committee on Cancer. ‡ An Eastern Cooperative Oncology Group (ECOG) performance-status score of 0 indicates no symptoms, 1 mild symptoms, and 2 moderate symptoms, with the patient being ambulatory and capable of all self-care but unable to carry out any work activities. Two patients randomly assigned to the nivolumab-plus-ipilimumab group were inadvertently enrolled in the study, despite having an ECOG performance-status score of 2. § The metastasis stage was defined according to the tumor-node-metastasis system of the American Joint Committee on Cancer and the Union for International Cancer Control. ¶ One patient randomly assigned to the nivolumab-plus-ipilimumab group inadvertently did not have a baseline lactate dehydrogenase level of ≤2× ULN. ‖ For one additional patient with a BRAF wild-type tumor who was randomly assigned to the nivolumab-plus-ipilimumab group, the history of brain metastases was not recorded on the clinical report form. 
Safety
In the combination group, 59% and 57% of the patients received at least four doses of nivolumab and ipilimumab, respectively; in the ipilimumab monotherapy group, 70% of the patients received at least four doses of ipilimumab ( Table S3 in the Supplementary Appendix). The rate of treatmentrelated adverse events, as assessed by the investigators, was 91% in the combination group and 93% in the ipilimumab-monotherapy group (Table 3) . Drug-related adverse events of grade 3 or 4 were reported more frequently in the combination group than in the ipilimumab-monotherapy group (54% vs. 24%); in patients who received the combination regimen, the onset of most adverse events occurred during the combination phase rather than the maintenance (nivolumab-monotherapy) phase. The most common grade 3 or 4 adverse events associated with the combination therapy were colitis (17%), diarrhea (11%), and an elevated alanine aminotransferase level (11%). Diarrhea was the most frequently reported grade 3 or 4 adverse event associated with ipilimumab monotherapy (11%), followed by colitis (7%). Select adverse events of potentially immune-mediated cause occurred most frequently in the skin, gastrointestinal, endocrine, and hepatic organ categories ( Table S4 in the Supplementary Appendix) and were observed more frequently with combination therapy than with ipilimumab monotherapy. Immunosuppressive medications for the management of adverse events, including topical agents for dermatologic adverse events, were used in a higher percentage of patients in the combination group than in the ipilimumab group (89% vs. 59%). The most commonly used systemic immunosuppressive agents across both treatment groups were glucocorticoids (82% of the patients in the combination group and 50% of the patients in the ipilimumab-monotherapy group). Infliximab was administered to 13% and 9% of the patients in the respective groups for adverse-event management. Hormone-replacement therapy was used to manage endocrine adverse events. Of 46 grade 3 or 4 drug-related select adverse events in the combination group that were managed with immunomodulatory medication, the majority (approximately 80%) resolved completely, or symptoms returned to baseline levels (Table 4 ). There was a similar resolution rate across organ categories in both treatment groups. The most common reason for discontinuation of study treatment was drug-related adverse events in the combination group (45%) and disease progression in the ipilimumab-monothera- Appendix) . After the initial four doses, 40% of the patients in the combination group continued to receive nivolumab as monotherapy ( Table S3 in the Supplementary Appendix) .
The number of reported deaths among treated patients was 25 in the combination group (27%) and 17 in the ipilimumab-monotherapy group (37%); most deaths were due to progressive disease. Three deaths were related to the combination therapy according to investigator assessment -one patient with a history of cardiac disease died from ventricular arrhythmia 29 days after the last dose of study treatment; the second died suddenly 69 days after the last dose while clinically improving from pneumonitis and having an iatrogenic pneumothorax. The third patient died suddenly 86 days after the last dose of study treatment (3 days after the resolution of grade 3 pneumonia and grade 4 hypercalcemia). None of the deaths in the ipilimumabmonotherapy group were deemed to be related to the study drug.
Discussion
In this double-blind, randomized study, the combination of nivolumab and ipilimumab resulted in a significantly higher objective response rate, more frequent complete responses, and significantly longer progression-free survival than ipilimumab alone among previously untreated patients with advanced melanoma. The confirmed response rate associated with the combination therapy in this trial (61%) is numerically higher than the 40% response rate that was recently reported with nivolumab monotherapy as first-line therapy in patients with advanced melanoma who have BRAF wild-type tumors and also higher than the rate observed in trials of monotherapy with pembrolizumab, another anti-PD-1 agent. 20 However, it is inherently difficult to compare the efficacy of the combination therapy with that of anti-PD-1 monotherapy, because the demographic characteristics of the patients differed among the trials.
On the basis of the high degree of tumor reduction in the current study, with a high rate of complete responses (22% among the patients with BRAF wild-type tumors who were assigned to the combination therapy), a favorable clinical benefit can be anticipated with longer follow-up. Overall, the characteristics of response observed with nivolumab plus ipilimumab in the current study are consistent with results reported previously, 16, 17 with most responses occurring by the time of the first tumor assessment and, in many patients, responses continuing despite discontinuation of therapy. The response rate associated with the combination regimen in this current phase 2 study was even higher than response rates reported previously, which may be explained by the fact that the patient population in this study was previously untreated. A prior phase 1 trial of the combination regimen at varying doses showed high rates of overall survival at 1 year (85%) and 2 years (79%). 16, 17 The primary end point of this study specifically addressed patients with BRAF wild-type melanoma because at the time of study enrollment, ipilimumab was the only approved therapy for this group of patients that had shown an overall survival benefit in a randomized phase 3 trial. Although BRAF inhibitors as single agents and BRAF inhibitor-MEK inhibitor combinations can result in high response rates among patients with BRAF-mutant melanoma, 14, 15, 21 no * The table includes events reported after the first dose of study treatment and within 100 days after the last dose of study treatment. † Shown are events that were reported in at least 10% of the patients in either study group. ‡ Diarrhea was defined as a disorder characterized by frequent and watery bowel movements; colitis was defined as a disorder characterized by inflammation of the colon. Grade 3 or 4 drug-related adverse events were reported more frequently in the combination group than in the ipilimumab-monotherapy group; in patients who received the combination regimen, most adverse events had first onset during the combination phase rather than the maintenance (nivolumab-monotherapy) phase. § One additional patient in the ipilimumab-monotherapy group had progressive disease on April 28, 2014, and data were unblinded before the patient started nivolumab monotherapy a day later. This patient received 10 cycles of nivolumab monotherapy before the onset of pneumonitis after the last dose on September 25, 2014. single agent or combination of agents has similarly been shown to result in a high response rate among patients with BRAF wild-type melanoma. Nevertheless, among patients with BRAFmutant melanoma, the overall response rate and progression-free survival associated with the combination regimen were also substantially higher than those with ipilimumab alone. These results are consistent with the results of a previous phase 1 trial and suggest that the presence of the BRAF V600 mutation does not influence the efficacy of checkpoint blockade. 16, 17, 22 In general, the spectrum of select adverse events that we observed was consistent with previous experience with the combination therapy. 16 Three deaths related to the combination regimen were reported in this study; these deaths could be linked to preexisting conditions that were related to the cause of death or that required medical procedures that might have contributed to the death. The proportion of patients who had a grade 3 or 4 treatment-related adverse event was higher with the nivolumaband-ipilimumab combination than with ipilimumab monotherapy (54% vs. 24%). Select grade 3 or 4 adverse events generally occurred within the first 15 weeks of treatment with the combination regimen and typically required less than 9 weeks to resolve, depending on the specific adverse event. Aside from patients with endocrinopathies, which typically require continued hormone-replacement therapy, the majority of patients eventually had complete resolution of grade 3 or 4 adverse events. It is noteworthy that of the patients who discontinued combination treatment owing to toxic effects, 68% had an objective response and most continue to have a response. Positive expression of PD-L1, one of the ligands of PD-1, has been associated with increased response rates among patients treated with nivolumab as a single agent. 23, 24 Among patients treated with the combination regimen in our study, however, there was no significant difference in response rates between patients whose pretreatment tumors were defined as PD-L1-positive and those whose tumors were PD-L1-negative. These data suggest that PD-L1 should not be used to select patients to receive combination treatment. The mechanism for response independent of baseline PD-L1 status remains unclear. It is possible that ipilimumab drives T cells into the tumor and that this T-cell infiltration during treatment leads to a more favorable microenvironment for anti-PD-1 efficacy. 25, 26 It is also possible that assessment of PD-L1 status with the incorporation of PD-L1-expressing tumor-infiltrating macrophages or T cells (rather than tumor cells, as in our study) may be most relevant, but this possibility requires additional investigation.
In summary, the combination of ipilimumab plus nivolumab resulted in durable responses and a substantially higher objective response rate, longer progression-free survival, and higher rates of complete response than ipilimumab monotherapy among patients with BRAF wild-type advanced melanoma and those with BRAF-mutant advanced melanoma. The incidence of grade 3 or 4 adverse events was higher with combination therapy, but adverse events were generally manageable when established safety guidelines were used. The riskbenefit profile of combined PD-1 and CTLA-4 blockade, as compared with monotherapy, will be further clarified by data from ongoing phase 3 double-blind, randomized trials, such as the CheckMate 067 study (ClincalTrials.gov number, NCT01844505).
